Numerous geological research studies and mining operations have proved that fracture is one of the important factors controlling groundwater flow, mineralization, and ore distribution in metallic deposits. Most current approaches to groundwater flow simulation of naturally fractured media rely on the calculation of equivalent permeability tensors from a discrete fracture network (DFN). This study is aimed at developing a rational two-dimensional DFN by GEOFRAC, a geostatistical method of fracture direction and locations of sample data from a tin mine in the Gaosong area, Gejiu city, southwest China, and utilizing 3,724 outcrop fractures sampled on the ground of mountain Gaosong.
INTRODUCTION
Groundwater is water stored in the voids below the aerated zone. The source, composition, and burial conditions of groundwater are complex, so the groundwater flow becomes very sophisticated. Due to the strong human engineering activities in mining areas, underground rock structure has become more complicated, which makes groundwater flow in mining areas more complicated (Caine et al. ) . This greatly affects the implementation of drainage in mining activities and the efficient and rational exploitation of groundwater use. Clarifying the spatial distribution of fractures in a mining area plays a very important role in utilizing groundwater resources, and supporting economics and urban development in the mining area (Qiao et al. ) . Building a model between fracture network and groundwater flow can also rationally arrange drainage projects in mines to prevent water inrush accidents and reduce mine accidents. Moreover, considering the background of China's vigorous promotion of deep mining in the earth, it is more urgent to carry out simulation studies of groundwater flow in mining areas.
Research into groundwater flow simulation on fracture scale can be divided into laboratory measurements and field surveys. The research objects can be divided into single fractures and fracture networks. The research mainly focuses on properties of a single fracture (such as In order to solve this issue, a geostatistical simulation method for fracture (Koike et al. , ) is capable of application to model a rational DFN using actual sample fracture data attributes like locations and directions. By connecting closely and likewise oriented disks, the proposed method has the benefit of fracture plane simulation with random shape and size. This study is aimed at further utilizing the ability of GEOFRAC by selecting an investigated area in the Gejiu tin mine and modeling a proper DFN that contributes to interpretation of the surface water and groundwater flow mechanism, prevention of water inrush accidents in mines, and safe mining planning and management. According to the characteristics of water properties and types of water media in various layers, the groundwater in the area is divided into carbonate rock fissure cave water, clastic rock fissure water, igneous rock fissure water, and Quaternary loose deposit pore water. The southern boundary of the region is basically controlled by the surface water system of the Red River, the western boundary is controlled by clastic rocks and igneous rocks, the eastern and northern parts are controlled by the Triassic clastic rocks, and Permian Gejiu carbonate rocks.
STUDY AREA AND DATA ACQUISITION
The groundwater of the above three hydrogeological units is almost always supplemented by atmospheric rainfall, and the local ploughed area receives irrigation water for infiltration. Its recharge is related to rainfall, topography, structure, lithology, and karst development conditions. The high mountain area has large rainfall, dense forests, and a large amount of groundwater recharge; and the groundwater recharge is also large in the gentle terrain, rock fissures, and karst development areas. The hillside and the moderate zone constitute the main recharge area, and the recharge area is wide. Among them, the depression, the funnel, and the falling water cave form a groundwater recharge channel, and the groundwater is vertically recharged by atmospheric rainfall. The slope from the ridge to the valley is often a runoff area. The groundwater moves along the inclined karst fissures and pipelines, and the runoff is rapid. The Fractures generally have dominant directions due to the tectonic stress field, which implies that the direction data cannot be used directly in OK. Therefore, PCA is employed. 
where δ ij is a delta function, λ is a constant of continuity of fractures, r is diameter of the fracture, t is hydraulic aperture of the fracture, n is a normal vector of the fracture plane, E (n, r, t) presents the density function, ρ is FD in volume, and Ω is a solid angle. P ij can be discretized as:
where V is the volume of the study region. V and r are alternative to the area and trace length of the fracture in two-dimensional analysis. It was assumed as 10 À6 times r for determination of t by examining the validity of the Future works could reduce bias in sampled fractures' direction, consider fractures' widths for modeling more plausible DFN and to generate a more general fracture network with both ground network and underground network.
By using such systematic fracture networks with calculated permeability, groundwater flow can be simulated in this tin mining area.
